Abstract. Pitfall traps are widely used in terrestrial ecology to capture ground-dwelling arthropods. In order to determine the effect of covers placed over pitfall traps on their efficiency at capturing of spiders, carabid beetles and ants, four types of pitfall trap were sunk into the ground at dry grassland sites: three pitfall traps were not covered, three were covered with white, three with green and three with black plastic covers. The total catch was 9,364 spiders, 4,352 carabid beetles and 4,157 ants. The distribution of species of spiders and carabid beetles, and the total catch of spiders, carabid beetles and ants did not differ significantly among the four types of trap. Therefore, covers do not appear to affect the capture efficiency of pitfall traps.
INTRODUCTION
was the first to describe a trap for collecting ground-dwelling arthropods. Since Barber (1931) first used pitfall traps they have been widely used in terrestrial ecology. A detailed description of the technique is given by Balogh (1958) and new developments presented by Melber (1987) and Grell (1997) . In general, pitfall traps consist of cups or jars containing preserving and killing fluids that are embedded flush with the ground surface. Despite criticisms (Bombosch, 1962; Topping & Sunderland, 1992; Topping, 1993) , pitfall traps are well suited for investigating the occurrence and abundance of ground-dwelling arthropods, such as spiders and beetles (Tretzel, 1955; Luff, 1975; Adis, 1979; Churchill, 1993) . Pitfall trapping is inexpensive, easy to handle, time-efficient and produces large species-rich samples suitable for statistical analyses (Spence & Niemelä, 1994) . Apart from the design of the trap (Luff, 1975; Wagge, 1985) many features may influence their catching efficiency. For example, Greenslade (1964) and Ward et al. (2001) revealed the influence of the surrounding vegetation and position of the trap, and Mitchell (1963) , Ericson (1979) and Honek (1988) the effect of weather and microclimate. Several studies compared the influence of different fluids used as killing agents and preservatives (Luff, 1968; Greenslade & Greenslade, 1971; Holopainen & Varis, 1986; Pekár, 2002; Schmidt et al., 2006; Jud & Schmidt-Entling, 2008) .
To protect pitfalls against rain or leaves, many entomologists and arachnologists cover their traps with metal or plastic plates. On the other hand, particularly in open habitats such as dry grassland, pitfall traps are frequently not covered because the covers might attract the attention of vertebrates, such as sheep and goats, which may destroy the traps. To date, differences between the sampling efficiency of open and covered pitfall traps has received little attention. Furthermore, nothing is known about the potential effect of differently coloured covers. Hence, the aim of the present study is to compare the capture efficiency of open and covered pitfall traps.
MATERIAL AND METHODS
Five dry grassland sites (Corynephoretum -vegetation structure: mean coverage (median) of herbal layer = 20%, moss = 40%, litter = 10%, bare ground = 40%, height of herbal layer = 10 cm; no shading) located near Münster (51°57´46,63N, 7°37´43,33E) in North Rhine-Westphalia, Germany, were investigated from 15 August 2007 to 12 July 2008. The climate in this region is sub-oceanic with an average annual temperature of 7.9°C and average annual precipitation of 758 mm (Murl NRW, 1989) .
At each site 12 pitfall traps (plastic jar, diameter = 9 cm, height = 12 cm) were sunk into the ground 5 m apart. Each trap was filled to a depth of about 3 cm with 3% formalin solution plus some detergent. Three traps were not covered and 3 cm above nine traps were placed either a white, green or black plastic cover (14 × 14 cm) (three of each colour ) as suggested by Tretzel (1955) . Thus, there were four treatments with five replicates. The traps were emptied once a month, when the catches were transferred to ethanol (75%). Spiders, carabid beetles and ants were counted. Additionally, the species of all spiders and carabid beetles were determined. To identify any differences in the catching efficiency of the four types of trap, a permutation one-way analysis of variance (ANOVA) was performed using PERMDIST (Anderson, 2004) . The factor "cover" with four levels (none, white, green, black) was tested for the three dependent variables Araneae (Lycosidae, Linyphiidae, Gnaphosidae, Thomisidae, Theridiidae), Carabidae and Formicidae. Permutation tests are widely used for testing hypotheses and other statistical applications in biology (Manly, 1997) . In principle, they compare an observed test statistic with a distribution that is generated by randomly reordering the data values. Compared to more common statistical methods, permutation tests have several advantages: they are valid even if the samples were not collected at random, and allow both the choice of an appropriate test statistic and nonstandard test statistics (Manly, 1997; Anderson, 2001) .
To test for possible differences in the species composition of the catches of the four types of pitfall traps, the numbers of 45 spider and 37 carabid beetle species caught were subjected to non-metric multidimensional scaling (NMDS) using VEGAN (Oksanen et al., 2008) and MASS packages (Ripley, 2008) in software package R 2.8.1 (http://www.r-project.org). Sporadic species (cf. Engelmann, 1978) , which occurred at frequencies of less than 0.32% per trap type, were omitted from the statistical analyses. For ordination the abundances of each species were 1. Differences in the medians of the catches of Araneae, Carabidae and Formicidae by open and covered (white, green, black covers) pitfall traps. All variables were square-root transformed before analysis using PERMDISP (one-way ANOVA; 499 permutations). square root transformed. NMDS is an iterative ordination method, which places samples in k-dimensional space using the ranked distances between them. For the statistical background of this technique see Clarke (1993) , McCune & Grace (2002) and Leyer & Wesche (2007) . In this study, the ordination was based on the Bray-Curtis distance measure. A maximum of 10 669 2. Differences in the medians of frequent (>1%) spider families caught in open and covered (white, green, black covers) pitfall traps. All variables were square-root transformed before analysis using PERMDISP (one-way ANOVA; 499 permutations). random starts in search of a stable solution was used for a 2-dimensional model. Then the trap types were fitted as predictor variables onto the ordination. To assess the affect of the cover on the catches, p-values were calculated using a MonteCarlo procedure (999 permutations).
RESULTS
A total of 9,364 spiders belonging to 127 species (comprising 5,388 Lycosidae, 2,508 Linyphiidae, 576 Gnaphosidae, 420 Thomisidae, 129 Theridiidae and 343 specimens from 13 other families), 4,352 carabid beetles belonging to 70 species and 4,157 ants were caught. Neither the number of individuals nor the number of spider species differed significantly between trap types (Table 1) . Within the Araneae, the five most frequent families Lycosidae, Linyphiidae, Gnaphosidae, Thomisidae and Theridiidae were tested (Table 2 ). While most medians showed only small differences among treatments, the median of linyphiid spiders was higher in open pitfall traps. Thomisidae occurred with a lower median in traps with white covers. Nevertheless, the differences were not significant. The numbers of species of carabid beetles and individuals did not differ significantly between open pitfall traps and those with white, green or black covers. Despite the fact that pitfall traps with black covers had a remarkably high median for catches of ants, there were no significant differences in the catches.
Although there were no significant differences in the distribution of species of spider among the trap types (Fig. 1) . The ordination also did not indicate a significant response to trap type (p = 0.25) of carabid beetle species (Fig. 2) . In contrast to the spider distribution, there were no hints of such differences in frequencies of open habitat and woodland beetle species in covered and open traps.
DISCUSSION
Summarising, neither the number of spider species nor the total catch of spiders, carabid beetles or ants differed significantly among the four trap types compared in this study. This indicates that covers do not affect the capture efficiency of pitfall traps. Consequently, it seems valid to compare pitfall trap results from studies that used traps with covers and those that used open traps, as long as other factors like size and shape of the pitfall traps are identical. Nevertheless, this study indicates that covers over pitfall traps may influence the spider species composition since forest species were more frequent (though not significantly) caught in covered traps. Highly mobile forest species that pass through open and heated sites might be attracted by the shaded patches beneath the covers and use them as shelter.
When working with pitfall traps it is strongly recommended that one takes into account the habitat structure and surrounding conditions (Melbourne, 1999) . This study was conducted mainly in open dry grassland with sparse vegetation. The effect of covering pitfall traps might be quite different in other habitats. For example, in forests falling leaves may affect uncovered pitfall traps more than covered traps. Furthermore, there are several technical questions that remain unanswered. For example, coloured covers may change the microclimate in the immediate surroundings of the pitfall trap, since black covers might absorb light and so raise the local temperature and white covers reflect light and reduce the local temperature. Thus, it would be interesting to provide detailed measurements of local temperature (e.g. by using thermo-data loggers). In this regard, studying the impact of covers on the evaporation of the preservative solution might also be relevant. Future studies that deal with similar questions should also test how or whether large covers influence the capture efficiency as well as the species distribution.
